PH-NL000122 



1 09.03.2000 
A family of complex systems with shared family software architecture. 



The invention relates to a family of complex systems with a shared 

architecture. 



s 



Such a family of complex systems is known from the article 'Creating 
architectures with building blocks ' by F.J. van deer Linden and J.K. Miller in IEEE Software 
12(1995)51-60. 



1 0 The known family of complex systems is in fact a family of 

telecommunications switching systems. The family members have a common software 
architecture. The common software architecture enables software development and testing to 
be shared among family members. 



15 

An object of the invention is to provide a family of complex systems in which 
a relative large degree of diversity among present and/or future family members is supported 
by the common software architecture. 

20 

This object is achieved according to the invention by a family of complex 
systems wherein 

- a component framework supports participating plug-in components 

- individual plug-in components provides one or more services and 

25 - the component framework defines roles providing one or more common interfaces for 
services of several plug-in components. 

The roles provide for common interfaces between the services of the plug-ins 
and clients which use the services offered by the plug-ins. The invention notably achieves 
advantages for systems that have some degree of complexity such that a software architecture 
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platform is usually employed in order to drive and control the complex system. The 
advantages of a family of complex systems according to the invention are more marked as 
the systems are more complex, but the invention may also be advantageously employed in 
the software architecture of relatively simple systems. 
5 Usually, the clients are formed by functionalities of the complex system, 

which indirectly serve commands supplied by the user of the complex system. The clients 
may also be direct actual users. Clients use the services from the plug-ins by accessing the 
component framework. The component framework according to the invention is itself active 
in setting up roles, i.e. common interfaces for services of several plug-ins. This achieves that 
1 0 the client is not involved in de structures of the component framework. Notably this is 
achieved because the functionalities offered by plug-ins are modelled as services and 
common functional concepts of the plug-ins are combined at their own roles. According to 
*ll the invention the component framework provides a central access without revealing specific 

IS? 

5Jf configurations to the client. Thus, diversity e.g. in future generations of the family is widely 

Isfe 1 5 supported. In this respect it is to be noted that the family of complex systems may share the 
f[J component frameworiTvarious different members of the family are formed by coupling 

different plug-ins to the shared component framework. A next plug-in may be inserted 
. O without difficulty as its services may be interfaced to the client via the already existing roles. 

}*l This makes it easier to create a new family member which has, with respect to the existing 

20j===H ? amily, one or more new plug-ins with their services. According to the invention the services 
|=b II of thenew plug-in are interfaced to the client via roles that are shared with service of earlier 
IS plug-ins. Alternatively, the component framework allows easy set-up of new roles fo r the 
^ — service of the new p lug-ins without substantial redesign of the component framework. 

Preferably when setting-up roles the expected diversity of new plug-ins is carefully analysed 
25 so that the setting-up of new roles remains limited. 

In a particular example, the present family member is an diagnostic imaging 
system of which the components such as the x-ray source, the x-ray detector, the stand 
carrying the x-ray source and the x-ray detector and the patient table are moveable. The 
respective components give rise to software plug-ins which control the respective services 
30 relating to individual movements of these components. These plug-ins are all interfaced to 

the component framework by way of one role relating to movements. In a next generation for 
example an ultrasound imaging modality is incorporated in the medical diagnostic system. In 
this next generation diagnostic imaging system an additional movement, namely movements 
of an ultrasound transducer are involved. The software plug-in for supporting and controlling 
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the movements of the ultrasound transducer are easily interfaced to the already existing role. 

The component framework then is immediately able to detect and initialise services involving 

the additional movement of the ultrasound transducer. 

Within a generation of complex systems, notably medical diagnostic systems, 

5 respective family members include high-end and low-end version of a common functionality. 

For example respective x-ray examination apparatus may have either a high-end patient table 

which allows many complication movements or a low-end patient table which only allows a 

few simple movements. The software plug-ins relating to either high-end or low-end versions 

are interfaced to the same role. Hence, according to the invention, the software architecture 

1 0 having the component framework supports the entire range from high-end to low-end of the 

common functionality. 

These and other aspects of the invention are further elaborated with reference 

to the preferred embodiments as defined in the dependent Claims. 

According to the invention one or several component frameworks may be 

^ 15 employed in a complex system. Notably, separate component frameworks may be employed 

y for respective aspects of use and control of the complex system at issue, particular examples 

are an app lication component framewor k which deals with thg ^gRBation domain^ uch as 

=J procedures for acquiring images in a medical diagnostic system. There may also be a 

:i technic al component framework which deals with control oflh ^nardwp e, such as the 
t% -— — » ^ 

I: 20 geometry functionalities of an x-ray examination apparatus. Further, an infrastructure 
« component framework which is related to computing platforms of the complex system. The 

infrastructure component framework is useful for dealing with field-service related functions, 
such as calibrations and settings. 

Preferably, the individual complex systems, being a member of the family as 
25 defined in Claim 1, include an inventory function in the component framework. The 
inventory function assesses the actually available services from the plug-ins for this 
individual complex system. Thus, the inventory function provides an availability interface 
through which clients can determine which functionalities can be realised. This further 
achieves that the component framework acts as a central access point for the functionalities 
30 supported by the available services. The assessment of available services may be performed 
when the complex system is started-up, but regular updates of the assessment may also be 
performed either during operation of the complex system or when a new plug-in is added to 
the complex system. 
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Preferably, the component framework is active in that the available services 
are correctly initialised when the complex system is switched-on or regular updates are 
performed. In this way the correct initialisation of the complex system is done consistently 
for most or even all features the complex system. As to regular updates the component 
framework provides an infrastructure for the plug-ins. When a new plug-in is added, only the 
component framework needs to perform an update of the available services. 

An easy way to assess the available services from the plug-ins coupled to the 
component framework is to maintain a list of the services with their properties and 
requirements. Such a list is preferably in digital electronic form. Preferably, the component 
framework generates, updates and store this list of available services. Advantageously, the 
list of services is provided in the form of a distributed set in which to services of one or more 
plug-ins are assigned identifiers depending on the behaviour of the services; thus, services 
having the same behaviour are assigned to the same identifier and services having different 
behaviour are assigned to different identifiers. The distributed set further accounts for at 
which plug-ins which services are available. Because the distributed set resides in the 
component framework, the location of the service is of no concern to the client using such 
service. 

These and other aspects of the invention are further elaborated by way of 
example with reference to the detailed embodiments discussed hereinafter and with reference 
to the accompanying drawing wherein 

The Figure shows a diagrammatic representation of a 'Service Component 
Framework', actively connecting Plug-ins and Clients. 

The component framework according to the invention is a software component 
itself, which is indicated as a service component framework (SCF), and defines one or more 
roles (Rls) to which one or more components (Pig a,Plg b,Plg c) can be plugged-in. These 
plug-ins provide some kind of service (Svc al - Svc c2) via their interface, which can range 
from a software representation of a scarce hardware resource, e.g. image processing nodes 
which provide services like noise reduction or image subtraction, to some piece of logical 
functionality, e.g. a spelling checker. This means that a plug-in is a container of one or more 
services. Next to the plug-i^is, there are usually clients that use the functionality provided by 
the component framework and plug-ins as a whole. The component framework is active in 
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connecting interfaces of plug-ins and providing via the respective roles, the functionality of 
these interfaces to other clients. 

For example, for the geometr ^^b^omai^ of a family of X-ray diagnostic 
systems such a service componentrframework has been developed. The geometry sub- 
5 domain e.g. involves the functionalities of the possible movements, rotations displacements 
of components of the X-ray system, such as the movements of the X-ray source and X-ray 
detector, patient table and the stand which carriers the X-ray source and X-ray detector In the 
family architecture, geometry has been identified as a unit. This unit as a whole provides, 
amongst others, a number of movements to position the patient, like TableHeight and 
10 TiltTable. Various geometry hardware modules exist, each providing a subset of all possible 
movements (e.g. about 100 movements in total). To deal with this diversity the hardware 
model is mirrored into software by one framework component, which provides the generic 
functionality, and a number of plug-ins, each providing a number of movements to the 
framework component. In this example, the movements are thus modelled as the services that 
15 are provided by the plug-ins. The various clients of this component framework can use these 
movements without worrying about the internal component framework structure. This kind of 
framework has also been applied for other sub-domains of the product family, e.g. in 
acquisition for adding acquisition procedures, in reviewing for adding analytical functions, 
and in the field-service domain for field-service functions (calibration, configuration, etc.). 
20 The main advantage provided according to the invention of the service 

component framework is related to the degree in which the functionality of the ^ub-dom ain) 
that is involved can be standardised and modelled as services, and the support for diversity 
that is needed. In case of the geometry example the movements are identified as the main 
concepts, and these can be handled as services provided by plug-ins that match the hardware 
25 modules. 

Two important issues concerning the service component frameworks are the 
responsibilities that the framework component has, and the abstractions and interfaces that 
the plug-ins must provide. These two issues are discussed hereinafter. 

30 When defining a service component framework, a number of responsibilities 

are advantageously taken into account for the framework component, viz.: 
♦ Provide a support for diversity 

An important responsibility of the framework component is to support diversity. This 
means that the framework component supports easy pluggability. For this, it is important 
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that the (expected) forms of diversity are carefully analysed and the right concepts are 
selected, in the geometry example the movement concept. This is closely related to the 
interface issues, discussed later on. 

♦ Provide a central access point 

Since it enables diversity and because this diversity preferably does not propagate 
through the entire system, a framework component serves as a central access point for 
the functionality provided by the plug-ins without revealing the specific configuration of 
the plug-ins to the clients of this functionality. An important activity here is maintaining 
a list of all available services, which are actually located in the plug-ins. In the geometry 
example, the movements are identified via a character string, describing the kind of 
movement, e.g. TableHeight, TiltTable, etc. 

♦ Provide a basic infrastructure 

Individual plug-ins preferably do not directly interact with parts of the system that may 
vary over time. Instead, the framework component provides some kind of infrastructure 
to the plug-ins. This way, when the environment changes, only the framework 
component needs to be updated. Such an infrastructure is for example responsible for 
correctly initializing all plug-ins and their services. 

♦ Provide functionality 

Next to the basic responsibilities mentioned above (connection management and 
infrastructure), the framework component may also contain additional functionality, 
since it is a component of its own. This is for example the case for the geometry unit 
where the framework component is responsible for adding resource management and 
scheduling in order to deal with the scare movements in a controlled way. Another 
possibility is that the framework component already contains some services and can 
operate on its own, so that adding plug-ins to that framework is not mandatory. 



The main responsibility of the plug-ins is to provide the functionality 
(services) to the framework component. This may occur a^initia lisation-tim e of the system or 
during runtime when the service is actually needed, architectural concepts, interfaces, 



and infrastructure to which the plug-ins must adhere td are defined by the component 
framework. 



Since component frameworks are introduced to deal with diversity, they 
advantageously are able to deal with various plug-ins providing their own specific 
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functionality. This functionality is handled by the component framework in a generic way 
and provided to interested clients. This means -that the right ab stractions must be chosen both 
for the interface between the plug-ins and the component framework and between the 
component framework and its clients. 

The roles acting as i nterface s, are on the one hand clear and straightforward to 
use, and on the other hand that they are stable. 

— For the movements in the geometry example, several interfaces are chosen, 



each representing one group of movements, making the interface more specific and easier to 
use. In this case, the semantics are stable (a movement is a known concept in the domain), 
10 but the syntax may slightly change in the future. 



11 



When defining a unit or a component in the system, a deliverable is provided 
to support the clients using this unit or component. This deliverable is called the requirements 
specification. A requirements specification specifies the interface that is provided to the 
15 clients. It contains, amongst others, the following parts: 

♦ class diagrams 

These diagrams contain the interface classes that the unit/component provides to its 
clients. The classes in a class diagram are related to each other via associations, 
aggregations, and generalisations. Each diagram has an annotation, describing the group 
20 of classes as a whole. 

♦ sequence diagrams 

A sequence diagram represents an interaction, which is a set of messages exchanged 
among objects within a collaboration to effect a desired operation or result. In this 
context, the sequence deals with the interaction between the unit/component and its 
25 users. A sequence diagram contains a possible sequence of events, and is thus not 

complete in that sense. 

♦ class descriptions 

For each class, a description is made. This description is based on the model laid down 
by the class diagrams. For each class, the attributes, operations, and state diagram can be 
30 specified. 

♦ software aspects 

Special attention is paid to the various software aspects as identified by the architect that 
cut across most software components, like initialization, error handling, graceful 
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degradation, etc. These aspects are related to the quality attributes. For each relevant 
aspect a separate section is identified. 

The interface of a unit/component is described based on a UML model with 
— • " — ' ~~ 

5 classes and associations . When dealing with component frameworks, some additional issues 
preferably are taken into account. For example the geometry unit consists of a service 
component framework with a number of plug-ins. In this case, the functionality provided by 
the geometry unit as a whole in a specific family member cannot be given by one document. 
Instead, two document types are used, viz.: 
10 ♦ generic requirements specification 

This requirements specification describes the generic interfaces that are provided to the 
clients. All service concepts, in this case the various types of movements, their attributes, 
vD etc. are described in this document. However, no specific services (instances) are 

rj described. 



m 



15 ♦ specific requirements specification 

Individual plug-ins provide their own specific requirements specification. This 
requirements specification describes which services are provided and which specific 
properties the plug-in has. For each movement, amongst others, the MaximumPosition 
and MaximumSpeed need to be specified. The generic requirements specification 
20 focuses on the gen eric mean ing of the service interfaces, whereas the specific 

requirements specifications deal with service specific issues. 

Next to the pluggability of the actual software component plug-ins, it is also 
important to have this pluggability on document level, as described above. This makes it 
easier to determine the complete requirements specification for a specific family member, 
25 since each plug-in has a related document describing the specific services of that plug-in. 

This agrees with the idea that a component is the unit of packaging, i.e. a component consists 
not only of executable code, but also of its interface specifications, its test specifications, etc. 

A component framework defines the boundary conditions to which each plug- 
in must adhere. Since usually several plug-ins are developed for a framework, it is 
30 worthwhile to provide support for plug-in development, This is achieved in that a 

documentation template is provided for the specific requirements specifications. This way, 
the author knows what needs to be specified, and all relevant issues are addressed. 

The interfaces and design of a component framework dictates the design of the 
plug-ins. That is why also support can be given for the design documentation of plug-ins. 



PH-NL000122 




9 09.03.2000 
The interface files of the interfaces that the plug-in needs to support must be 
provided. Furthermore, some classes that are relevant for each plug-in can be provided. It is 
also possible to provide a complete example plug-in, containing all relevant information to an 
implementer of a plug-in. 
5 Further, a test specification is preferably provided against which each plug-in 

can be tested. It is even possible to provide some test harness in which these tests can be 
performed automatically. 

As stated before, the product family architecture does not show diversity on 
10 the level of units. This means that the units form a stable skeleton of the system . The 




diversitx can-he^foimd^side-the^iiriitsrOhe of the means to deal with this is to divide the unit 
1^ model into a generic part (related to one or more component frameworks) and a specific part 
(the plug- ins). Each unit has, a p ai l: of the overa^ orri ai^nodel assigned to it as ^a-Stai _ 
poi nt for the design activities. ,A ^umber~of steps in this iterative modelling process can be 
identified (using the geometry example): 

1. The design activity adds design classes to the assigned domain model, e.g. a manager class 
maintaining a list of all movements is introduced, and a priority based scheduler class is 

ft 

O added for handling the scarce movement resources. 

til 

□ 2. Then the commonality and diversity is analysed. This is closely related to the diversity in 

20 features and realisation techniques that the product family must support. Identify which part 
of the model remains stable, and which part will vary between the family members and in 
time. The larger the selected generic part, the less the resulting flexibility is. 
3. Based on the previous analysis, it must be identified which concepts must be used for the 
services that the plug-ins should provide to the component framework. For the example, the 
25 movements are selected as the services. It may be the case that by introducing generic 
concepts, the variation can be handled better (these concepts may even be useful in the 
domain model). For example, various specific parts of a geometry have specific position 
information. By introducing a concept like a GeometryComponent class containing position 
information, this information can be handled in a generic way. 
30 4. Identify which additional design concepts are needed by splitting the model up into two 
parts, i.e. the framework component and the plug-ins. This splitting up has more 
consequences for component frameworks than for example for class frameworks, where 
techniques like inheritance are also allowed. For example, the generic part gets the 
responsibility to start-up the plug-ins during initialisation of the system. 



PH-NL000122 




10 09.03.2000 



Summarising, step 1 contains the 'normal' design activity. In step 2, the 
diversity is analysed. The relevant service concepts that must be provided by the plug-ins are 
identified in step 3. Finally, step 4 introduces the infrastructure in which these services are 
5 handled. 

In developing a service component framework, many factors play a role that 
may lead to modifications of interface, e.g. changes in the domain model, the right concepts 
are not chosen, etc. So, normally a couple of iterations are needed. 



